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It is estimated that approximately 0.5% to 1% of
the population of the Western world is affected by
symptomatic chronic venous disease.1,2 Therapy has
traditionally ranged from benign neglect to aggres-
sive attempts at correction or elimination of abnor-
mal contributory anatomic structures. The healing
rates with nonoperative therapy are excellent (97% at
a mean of 5 months) if patient compliance is
assured, but the rates drop significantly (55% with
100% recurrence, in one report) in those studies
with poor compliance.3
At present, most therapeutic decision making is
based on clinical and anatomic data only. Although
several hemodynamic tests are available, their role in
decision making and prognosis remains undefined.
The current study is an examination of the useful-
ness and overall role of the venous refill time (VRT)
as measured by means of photoplethysmography
before and after subfascial endoscopic perforator
surgery (SEPS) for chronic venous insufficiency
(CVI) associated with perforator incompetence.
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Objective: Subfascial endoscopic perforator surgery (SEPS) results in acceptable healing
and recurrence rates. The role of hemodynamic venous testing in this situation, howev-
er, is poorly understood and inconsistently used. Our ongoing experience was reviewed
to explore how SEPS affects the photoplethysmographic assessment of the leg.
Methods: Preoperative and postoperative venous refill times (VRTs) were measured with
photoplethysmography in 30 limbs in 28 patients who underwent SEPS and superfi-
cial ablation, when indicated, with complete clearing of the anterolateral surface of the
tibia, thus opening the deep posterior compartment from mid calf to close to the malle-
olus. Postoperative healing and duplex scanning were used to assess clinical and
anatomic success, respectively. The VRTs were classified as “interpretable” if the leg
emptied or “uninterpretable” if the calf could not empty. The “interpretable” study
results were further classified as “normal” if the refill took 20 seconds or more or
“abnormal” if less.
Results: Before the patients underwent SEPS, six study results (20%) showed inability of
the calf to empty and thus were judged uninterpretable. After the patients underwent
SEPS, 12 study results (40%) were uninterpretable (NS; P = .09 with the c 2 test). Of
the 24 preoperative interpretable study results, two (8%) were normal, and of the 18
postoperative interpretable study results, seven (39%) were normal (P < .03). With the
consideration of only interpretable study results, the mean VRT increased slightly from
12.0 ± 5.1 seconds (mean ± standard deviation) to 14.3 ± 8.1 seconds (NS). Seventeen
of 19 ulcers (89%) had healed at a mean follow-up period of 8.6 ± 4.8 months.
Conclusion: Although VRT is unpredictably affected by SEPS, the most consistent find-
ing is the inability of the calf to empty, which invalidates the remainder of the test. In
addition, most ulcers heal, even with uninterpretable or abnormal postoperative VRTs.
This suggests that photoplethysmography is a poor method of assessment of venous
reflux after SEPS. (J Vasc Surg 1999;30:1067-76.)
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METHODS
We reviewed our ongoing database of patients who
undergo SEPS at the University of Rochester Medical
Center. The patients undergo a thorough history and
physical examination, which is directed at establishing
a venous source for their disease and identifying signif-
icant comorbid conditions, followed by a full duplex
scan examination of the lower extremity venous sys-
tem. The duplex scan examination is performed in a
10-degree Trendelenberg position and consists of the
direct insonation of all relevant venous structures,
including the deep system and all parts of the greater
and lesser saphenous veins, and a careful search for per-
forator veins. Incompetence is identified as any reflux
(elicited with proximal and distal manual compression
and Valsalva maneuvers for proximal veins) that lasts
more than 0.5 seconds4 through a visualized valve.
Perforator reflux is defined as outward or bidirection-
al flow in any perforator. The iliac veins are visualized
as far centrally as possible, and iliac obstruction is ruled
out by a combination of history, physical examination
results, and duplex scan findings. The patients are
stratified according to the CEAP classification of the
Society for Vascular Surgery/International Society for
Cardiovascular Surgery Ad Hoc Committee on
Reporting Standards.5
The patients then undergo photoplethysmogra-
phy (ImexLab 9000, Nicolet Imex, Golden, Colo) as
previously described.6 After the patients actively
empty their legs of blood by performing 10 ankle
flexion exercises, the patient rests and the curve
ascends as the legs refill (Fig 1). Normal refill takes
20 or more seconds and reflects normal arterial
inflow. Refill times that are faster than this indicate
abnormal venous refill through incompetent valves.
The VRTs are classified as “uninterpretable” if the
calf could not empty to below the baseline at the end
of each tiptoe maneuver and as “interpretable” if the
leg could empty. The interpretable study results are
further classified as “normal” if the refill took 20 sec-
onds or more or “abnormal” if less than this (Fig 2).
Our strategy is to consider operative intervention
for any patient at good risk who has active (C6) or
healed (C5) ulceration or severe lipodermatosclerosis
(C4) as the result of valvular incompetence visualized
by means of duplex scan examination. In general, we
advocate the correction of all superficial (AS) and per-
forator (AP) incompetence first, followed by deep sys-
tem intervention only when all else fails. We perform
high ligation and stripping of the incompetent greater
saphenous vein (usually to just below the knee, but to
a more proximal or distal extent in selected cases),
high ligation and stripping, if possible, of the incom-
petent lesser saphenous vein, and SEPS if perforator
incompetence is documented. We also remove gross-
ly dilated accessory varicosities, if present, with stab
avulsion. We are reluctant to recommend intervention
to those patients with postphlebitic disease, and we do
not recommend operation to those patients with doc-
umented venous obstruction at the popliteal level or
above.7 The patients must have acceptable surgical
risks, have skin that is compliant enough to allow the
expansion of the posterior compartments, and have a
palpable pedal pulse or ankle brachial index of more
than 0.8.
SEPS is performed conventionally. With a small
incision just posteriomedial to the edge of the tibia,
the fascia that protects the superficial posterior com-
partment is incised, the superficial posterior com-
partment is entered, and the preliminary dissection
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Fig 1. Normal venous refill time as measured by means of
photoplethysmography. After nine or 10 repetitive calf
contractions, calf is maximally emptied (first dotted line).
Time to refilling then is measured, with slower times indi-
cating competent venous valves and shorter times indicat-
ing reflux. Second dotted line is set arbitrarily at end of scale.
Refill times of 20 seconds or less are considered abnormal.
Fig 2. Two abnormal venous refill times as measured by
means of photoplethysmography. Top, interpretable but
abnormal study. Calf empties (first dotted line) then rapid-
ly refills as blood refluxes down incompetent venous con-
duit. Bottom, typical post–subfascial endoscopic perforator
surgery venous refill times, classified as uninterpretable
according to criteria discussed in the text. Note that the
calf never empties, and therefore no information can be
gained regarding valvular competence.
is performed with an inflatable balloon/trocar sys-
tem (GSI, Cupertino, Calif). After this, a 10-mm
zero-degree endoscope is inserted through the 11-
mm trocar. This site is used for the insufflation of
the compartment to approximately 30 mm Hg with
CO2. A 5-mm port then is placed into this compart-
ment, somewhat distally and posteriorally. Careful
placement is critical and sufficient separation with
the camera is necessary to avoid “swordfighting,”
but this port must be anterior enough to provide
mobility for the instruments.
The goal of SEPS is to divide all incompetent
perforators. In practice, this means dividing all per-
forators and completely clearing the compartment.
Perforator anatomy has been well reviewed else-
where.8,9 We follow a three-step process. First, the
superficial posterior compartment is completely
cleared, with special attention paid to the usual ver-
tical band of fascia that contains most of the perfo-
rators. The deep compartment is, by definition,
entered at this point. Second, to ensure the division
of the often subtle paratibial perforators, the parati-
bial fascia and periosteum are completely divided,
exposing the tibia, and the tough band of fascia at
the superior edge of the tibia is divided, entering the
subcutaneous space anterior to it. And finally, efforts
are made to open the compartments as far distally as
possible and to completely undermine any ulcer that
is present, with special efforts made to ensure com-
plete division or ligation of any incompetent local
perforating veins under the diseased area itself.
After surgery, the leg is securely wrapped with an
elastic bandage, and the patient is observed overnight
and subsequently discharged with orders to maintain
wrapping, elevation, and near-total bedrest for the
next 4 days. The patient is seen 10 to 14 days after the
operation. Ulcers are treated with normal saline solu-
tion wet-to-dry dressings, if dirty, or with a multilay-
er dressing/compression system (Profore, Smith and
Nephew, Hull, United Kingdom), if relatively clean.
The patient is followed at appropriate intervals until
the ulcer has healed and the leg has reverted to its best
possible status, until postoperative pain and edema
have subsided enough for normal ambulation, and
until the patient has recovered enough to be fitted for
compression stockings. At this time, photoplethys-
mography and duplex scanning are repeated, and
graduated compression stockings are fitted. Any
recurrent ulcer or failure to heal after approximately 6
months triggers a full reevaluation, including repeat
photoplethysmography, duplex scanning and venog-
raphy, as appropriate, and an unusually thorough
reevaluation of the patient’s lifestyle and compliance.
RESULTS
Since November 1997, we have performed 63
SEPS in 59 patients. We began using photoplethys-
mography in February 1998. Preoperative and post-
operative VRTs have been measured in 30 limbs in 28
patients who make up the remainder of this report.
The mean age was 56.7 ± 18.1 years (mean ± stan-
dard deviation), and 63% of our patients were men.
The CEAP data, clinical scores, VRT results, and out-
come are presented in Table I. Nineteen limbs (63%)
had active ulceration (C6) at the time of operation,
nine (30%) had healed ulceration (C5), and two had
severe lipodermatosclerosis (C4). Twenty-nine patients
had concomitant superficial incompetence and 14 had
deep incompetence. Only four patients had secondary
(postphlebitic) incompetence.
Of the 30 preoperative study results, six (20%)
showed an inability of the calf to empty and thus
were classified as uninterpretable. After SEPS and
superficial ablation, 12 of the 30 study results (40%)
were similarly uninterpretable (NS; P = .09 with c 2
test; Tables I and II).
With the consideration of only limbs in which
the calf could empty with photoplethysmography,
only two of the 24 preoperative interpretable study
results (8%) were normal, and seven of the 18 post-
operative interpretable study results (39%) were nor-
mal (P < .03 with c 2 test; Table II). The mean VRTs
in this group increased from 12.0 ± 5.1 seconds to
14.3 ± 8.1 seconds (NS with t test).
Six of eight ulcerated limbs (75%) in those
patients with postoperative uninterpretable study
results were healed by 6 months, although two of
those did recur. In those patients with postoperative
interpretable study results, all 11 ulcerated limbs
healed (Table III). The two recurrences both
occurred in limbs with persistently abnormal VRTs.
No statistical differences were seen, although the
sample sizes were small (Table III).
Finally, all 14 ulcers (100%) in limbs with prima-
ry incompetence healed, and only one of three ulcers
(33%) in limbs with secondary (postphlebitic) ulcers
healed (P < .01 with c 2 test). Both ulcers in the two
limbs with congenital incompetence healed (Table
III). No differences in recurrence rates were seen
according to cause, although, again, the sample sizes
were small.
DISCUSSION
SEPS as performed at the University of Rochester
seems to interfere with the ability of the calf to empty
as measured by means of photoplethysmography in a
substantial number of patients. In those patients
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whose calves can empty, however, significantly more
VRTs become normal after operation. Because the
ulcer healing rates are good and do not significantly
differ according to whether the calf can empty or not,
it would appear that photoplethysmography is a poor
test for the assessment of reflux after SEPS and super-
ficial venous ablation.
Venous blood is propelled centrally, against the
force of gravity, primarily by means of calf muscle
contraction. These contractions increase the pres-
sure within the deep posterior compartment as a
result of their intact fascial covering and thus, with
the assistance of competent valves, act to propel
blood inward (via the perforators) and cephalad (via
the deep system) toward the heart.10 Unfortunately,
the calf muscle pump function has been difficult to
quantitate, and little is known about its contribution
to clinically relevant problems. Even less is known
about the role of the deep fascia in the elevation of
pressure during normal muscle contraction, but it
seems logical that the incision of this envelope
would diminish the intracompartment pressure dur-
ing muscle contraction as it does when compartment
pressure is abnormally elevated in disease states. The
muscles have nothing, in a volumetric sense, to push
against, and the increase in local volume that occurs
with contraction is dissipated outwards, which
allows little local pressure increase.
Calf muscle pump function has traditionally been
measured with the differences in volume before and
after muscle contraction, either as a one-time event
or after maximal exercise. Although photoplethys-
mography gives a qualitative assessment of the latter
event with noting how far the volumetric tracing
falls, both seem to be best quantified with air
plethysmography (APG). The ejection fraction (EF)
is recorded as the degree to which the leg empties
after one contraction, and the residual volume frac-
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Table I. CEAP classification, clinical scores, venous refill times, and outcome 
CEAP classification Preoperative Postoperative
Current follow-up
Patient C E A P CS VRT (seconds) CS VRT (seconds) Outcome (months)
DC 6 P S,D,P R 12 11 6 UN Healed 1, recurred 15 18
SA 6 C S,P R 12 13 5 13 Healed 2, recurred 14 15
LM 6 P S,D,P R 11 10 5 9 Healed 5, recurred 14 15
DS 6 P S,P R 8 19 1 26 Healed 1 16
MM 5 P S,D,P R 5 8 4 UN No recurrence 7
DW 6 P S,P R 13 11 4 20 Healed 2 12
AR 6 P S,P R 11 UN 6 6 Healed 4 9
JVH 4 P S,P R 3 12 2 19 No ulcer 2
JW 5 P S,D,P R 7 18 6 2 No recurrence 14
FD 6 S S,D,P R 12 13 10 UN Has not healed (4) 4
LP 5 P S,P R 6 20 3 22 No recurrence 14
SA 5 P S,P R 5 13 4 10 No recurrence 14
VB 6 P S,D,P R 9 15 2 UN Healed 3 13
MS 4 P S,D,P R 4 16 4 14 No ulcer 4
GA 6 P S,P, R 8 10 4 24 Healed 1 1
DS 6 P S,D,P R 8 11 2 4 Healed 1 7
JD 6 C S,D,P R 11 UN 3 UN Healed 1 5
JB 5 P S,P R 7 12 4 21 No recurrence 9
JB 5 S S,P R 7 5 6 UN No recurrence 9
MH 6 P S,P R 10 4 0 16 Healed 1 7
BF 5 P S,D,P R 7 3 3 2 No recurrence 7
LM 6 S S,P R 13 UN 10 UN Has not healed (8) 8
NZ 6 P S,D,P R 13 10 3 UN Healed 3 7
JW 6 P P R 14 24 6 24 Healed 10 12
VH 6 P S,P R 14 UN 12 UN Healed 4 4
JH 6 P S,P R 14 UN 7 UN Healed 1, recurred 6 7
SV 5 P S,D,P R 7 UN 5 UN No recurrence 9
RJ 6 S S,D,P R 12 13 6 6 Healed 1 1
MW 6 P S,P R 8 12 3 20 Healed 1 8
LF 5 P S,D,P R 4 5 5 UN No recurrence 1
9.2 ± 3.3 4.7 ± 2.6 8.6 ± 4.8
C, Clinical status; E, etiology (P, primary; S, secondary; and C, congenital); A, anatomy (S, superficial; D, deep; and P, perforator); P,
pathophysiology (R, reflux; O, obstruction); CS, clinical score; VRT, venous refill time; UN, uninterpretable venous refill time tracings
as described in text.
Numbers at bottom of columns, where appropriate, are mean ± standard deviation.
tion (RVF) is the degree to which the leg is able to
empty after maximal exertion.11 Muscle pump func-
tion can also be measured with radioisotopic12 or
various other indirect plethysmographic tech-
niques13-15 or with direct distal venous pressure
measurement.11,16,17
Unfortunately, efforts to relate calf muscle pump
function to disease states or postoperative outcome
after venous surgery have been inconsistent and rela-
tively unhelpful. Two older studies that used radioiso-
topic12 and direct volumetric (via displacement of
water in a bath) methods15 suggested that patients
with CVI have reduced EFs relative to healthy
patients, but two more recent studies showed no sig-
nificant differences between patients with CVI and
varicose veins18 and those patients with CVI with and
without ulceration.13 In a similar fashion, two groups
have reported mild improvements in EF and RVF19
and relative expelled volume as measured by means of
direct displacement15 after perforator ablation. The
technical details of interruption, however, were
unclear in both reports and probably included SEPS
in only a quarter of the patients at best. One recent
report from the Mayo Clinic did document improved
function as measured with strain-gauge plethysmog-
raphy in 26 patients who underwent SEPS. This was
quantified, however, as refill volume, which is essen-
tially the “negative” of the residual volume after max-
imal exercise. EF was not recorded.14
Most clinically relevant is the question of which,
if any, of the current hemodynamic tests are most
useful for clinical decision making. The following
three practical choices exist: photoplethysmography,
APG, and valve closure time. On the basis of the
data presented here and our overall experience, we
believe that photoplethysmography is not useful.
Photoplethysmography depends on the active emp-
tying of the leg of venous blood, with the patient’s
own calf muscles, followed by the measuring of the
speed of refill (volume increase) to assess valvular
incompetence. As we have shown, if the leg cannot
empty, the rest of the test becomes worthless and the
ability to assess valvular competence is lost (Fig 2).
In addition, problems arise with the interpretation
of the curves. It is not uncommon for the volume
tracing to continue rising to values that are signifi-
cantly greater than the original baseline value, which
poses obvious difficulties in the determination of the
endpoint. Finally, iliac obstruction can also interfere
with emptying and similarly invalidate the test.
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Table II. Preoperative and postoperative venous refill times
Preoperative VRT: P value Postoperative VRT:
6 of 30 uninterpretable (20%) NS; .09 12 of 30 uninterpretable (40%)
Of the 24 interpretable: Of the 18 interpretable:
2 normal (8%) <.03 7 normal (39%)
Mean, 12.0 ± 5.1 seconds NS Mean, 14.3 ± 8.1 seconds
VRT, Venous refill time.
Results expressed as mean ± standard deviation in seconds and analyzed with c 2 test and unpaired t test as appropriate.
Venous refill time tracings are first classified as uninterpretable if the calf could not empty to below baseline at the end of each tiptoe
maneuver or interpretable if the leg could empty (Fig 2). No differences were seen between these rates.
Interpretable studies were further classified as normal if refill took 20 seconds or more or abnormal if less than this.
With the consideration of only interpretable studies, there were significantly more normal test results after operation, and a small but
nonsignificant increase in venous refill time after operation.
Table III. Venous refill time results and etiology
versus healing
Postoperative VRT Ulcers Healed Recurred*
Uninterpretable (n = 12) 8 6 (75%) 2 (33%)
Interpretable (n = 18)
Normal (n = 7) 5 5 (100%) 0
Abnormal (n = 11) 6 6 (100%) 2 (33%)
Total 19 17 (89%) 4 (24%)
NS NS
Etiology Ulcers Healed Recurred*
Primary (n = 24) 14 †14 (100%) 3 (21%)
Secondary (n = 4) 3 †1 (33%) 0
Congenital (n = 2) 2 2 (100%) 1 (50%)
Total 19 17 (89%) 4 (25%)
†P < .01 NS
VRT, Venous refill times.
*Recurrence rates are calculated as compared with healed ulcers,
and no new ulcers have arisen in patients with C4 or C5.
†There was a significant difference in healing rates between those
with primary and secondary valvular incompetence (analyzed with
c
2 test).
APG may well be a better choice. APG is con-
ceptually similar to photoplethysmography but mea-
sures the venous refill rate (venous filling index)
after passive leg emptying with gravity and measures
EF (after one contraction) and RVF (after maximal
exercise) as discussed previously.11 As a result, it can
differentiate the effects of calf muscle pump function
and valvular incompetence to a greater degree than
can photoplethysmography (Fig 4). We have tried to
use photoplethysmography in a similar fashion, but
hardware and software problems have proved insur-
mountable to date.
Valve closure time is the time needed for a valve
to close after a maneuver designed to elicit local
reflux.4,20 Although it is seemingly an anatomic test,
similar to direct duplex scan examination, there is
some evidence that individual valve closure times
seem to change (improve) with correction of reflux
elsewhere (Mark Iafrati, MD, personal communica-
tion, April 4, 1999). Although we have no experi-
ence with this test, it seems worthwhile to investi-
gate its role more thoroughly.
Our experiences support those investigators who
suggest that most patients with ulceration have
incompetence in multiple systems.14,17 We believe
that the deep system and calf muscle pump function
are the greatest determinants of global venous func-
tion and that the superficial and perforator systems
are the critical determinants of local cutaneous
effects at the medial malleolus. Thus, dysfunction of
the deep system and calf muscle pump results in
edema, and dysfunction of the superficial and perfo-
rating veins is necessary for significant lipoder-
matosclerosis and ulceration. This implies that oper-
ative ablation of the superficial and perforating sys-
tems will be successful even in cases in which an
incompetent deep system remains or when the calf
muscle pump function is damaged. In our experi-
ence, it is quite rare to have significant lipoder-
matosclerosis or ulceration in the absence of incom-
petent perforators or superficial veins. In accordance
with recent results from the North American
Subfascial Endoscopic Perforator Surgery registry,7
our data document significantly better ulcer healing
rates in limbs with primary, as compared with post-
phlebitic, incompetence. Although we do not elimi-
nate these patients from consideration, we are now
increasingly reluctant to recommend operation in
this situation until conservative measures have failed.
These data cannot determine which component
of our treatment algorithm (SEPS, superficial abla-
tion, or nonoperative care) is the strongest determi-
nant of outcome. It must be stressed, in fact, that
whether or not perforator ligation is of any benefit
over superficial ablation or nonoperative therapy has
never been proven. One prospective randomized
trial is underway at the University of Rochester (NY)
and Malcolm Grow Hospital, Andrews Air Force
Base, that randomizes patients with perforator
incompetence to the best operative therapy with or
without SEPS, and another is planned at the Mayo
Clinic in Rochester, Minn. Both studies should pro-
vide substantial data regarding hemodynamic testing
in this situation as well.
CONCLUSION
SEPS as performed at the University of Rochester
significantly impairs the ability of the calf to empty as
measured by means of photoplethysmography, prob-
ably as the result of the incision and division of the
deep posterior and paratibial fascial layers, which we
believe to be critical for normal calf muscle pump
function. Because the calf cannot be actively emptied,
information regarding the rate of venous refill and
valvular function cannot be obtained with conven-
tional photoplethysmography, and therefore, postop-
erative photoplethysmography is not helpful in these
patients. Most patients have their ulcers heal rapidly
and have substantial symptomatic relief even when
postoperative photoplethysmography results are
uninterpretable or persistently abnormal, which sug-
gests that photoplethysmography results are not clin-
ically helpful in this context.
We thank our nurse practitioners, physician assistants,
and ultrasound scan technical staff for their unfailing help
with these (and all our other) patients.
REFERENCES
1. Wittens CHA, Pierik RGJM, van Urk H. Review article: the
surgical treatment of incompetent perforating veins. Eur J
Vasc Endovasc Surg 1995;9:19-23.
2. Iafrati MD, Welch HJ, O’Donnell TF Jr. Subfascial endo-
scopic perforator ligation: an analysis of early clinical out-
comes and cost. J Vasc Surg 1997;25:995-1001.
3. Mayberry JC, Moneta GL, Taylor LM, Porter JM. Fifteen-
year results of ambulatory compression therapy for chronic
venous ulcers. Surgery 1991;109:575-81.
4. van Bemmelen PS, Bedford G, Beach K, Strandness DE Jr.
Quantitative segmental evaluation of venous valvular reflux
with duplex ultrasound scanning. J Vasc Surg 1989;10:425-31.
5. Porter JM, Moneta GL, International Consensus Committee
on Chronic Venous Disease. Reporting standards in venous
disease: an update. J Vasc Surg 1995;21:635-45.
6. Abramowitz HB, Queral LA, Flinn WR, Nora PF, Peterson
LK, Bergan JJ, et al. The use of photoplethysmography in the
assessment of venous insufficiency: a comparison to venous
pressure measurements. Surgery 1979;86:434-41.
7. Gloviczki P, Bergan JJ, Rhodes JM, Canton LG, Harmsen S,
Ilstrup D. Mid-term results of endoscopic perforator vein
JOURNAL OF VASCULAR SURGERY
1072 Illig et al December 1999
interruption for chronic venous insufficiency: lessons learned
from the North American Subfascial Endoscopic Perforator
Surgery registry. J Vasc Surg 1999;29:489-502.
8. Linton RR. The communicating veins of the lower leg and
the operative technic for their ligation. Ann Surg 1938;107:
582-93.
9. Mozes G, Gloviczki P, Menawat SS, Fisher DR, Carmichael
SW, Kadar A. Surgical anatomy for endoscopic subfascial divi-
sion of perforating veins. J Vasc Surg 1996;24:800-8.
10. Summer DS. Hemodynamics and pathophysiology of venous
disease. In: Rutherford RB, editor. Vascular surgery. 4th ed.
Philadelphia: WB Saunders Co; 1995. p. 1673.
11. Christopoulos DG, Nicolaides AN, Szendro G, Irvine AT,
Bull M, Eastcott HHG. Air-plethysmography and the effect
of elastic compression on venous hemodynamics of the leg. J
Vasc Surg 1987;5:148-59.
12. Whitehead S, Lemenson G, Browse NL. The assessment of
calf muscle pump function by isotopic plethysmography. Br J
Surg 1983;70:675-9.
13. Iafrati MD, Welch H, O’Donnell TF, Belkin M, Umphrey S,
McLaughlin R. Correlation of venous noninvasive tests with
the Society for Vascular Surgery/International Society for
Cardiovascular Surgery clinical classification of chronic
venous insufficiency. J Vasc Surg 1994;19:1001-7.
14. Rhodes JM, Gloviczki P, Canton L, Heaser TV, Rooke TW.
Endoscopic perforator vein division with ablation of superfi-
cial reflux improves venous hemodynamics. J Vasc Surg
1998;28:839-47.
15. Stacey MC, Burnand KG, Layer GT, Pattison M. Calf muscle
pump function in patients with healed venous ulcers is not
improved by surgery to the communicating veins or by elas-
tic stockings. Br J Surg 1988;75:436-9.
16. Burnand KG, O’Donnell TF, Thomas ML, Browse NL. The
relative importance of incompetent communicating veins in
the production of varicose veins and venous ulcers. Surgery
1977;82:9-14.
17. Zukowski AJ, Nicolaides AN, Szendro G, Irvine A, Lewis R,
Malouf GM, et al. Haemodynamic significance of incompe-
tent calf perforating veins. Br J Surg 1991;78:625-9.
18. van Bemmelen PS, Mattos MA, Hodgson KJ, Barkmeier LD,
Ramsey DE, Faught WE, et al. Does air plethysmography
correlate with duplex scanning in patients with chronic
venous insufficiency? J Vasc Surg 1993;18:796-807.
19. Padberg FT Jr, Pappas PJ, Araki CT, Back TL, Hobson RW
II. Hemodynamic and clinical improvement after superficial
vein ablation in primary combined venous insufficiency with
ulceration. J Vasc Surg 1996;24:711-8.
20. Welch HJ, Iafrati MD, Rodriguez AA, O’Donnell TF.
Comparison of duplex valve closure time and air plethysmog-
raphy in assessing venous reflux. Phlebology 1995;1(Suppl
1):811-3.
Submitted Apr 29, 1999; accepted Sep 2, 1999.
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 6 Illig et al 1073
Dr Marshall E. Benjamin (Baltimore, Md). Dr Illig
and his colleagues have addressed an important issue: the
objective measurement of a patient’s response to subfascial
endoscopic perforator ligation (SEPS). It is well accepted
that venous hypertension is generated by a complex com-
bination of valvular incompetence, venous obstruction,
and calf muscle pump dysfunction. And the treatment of
venous ulcers is done largely on the basis of preventing the
abnormal transmission of high pressure within the deep
veins to the superficial veins.
Historically, this has been achieved with the ligation or
sclerosing of these veins that connect the two systems that
have incompetent valves. The exploration of this area and
the division of the incompetent perforators with one long
incision or multiple small incisions has been tried but
results in wound complications in as many as 30% of the
cases. The endoscopic division of these perforators, as
reported here, has been shown to result in a much lower
rate of wound complications, in the range of 5% or 6%.
The division of these incompetent perforators, and the
presumed normalization of venous hemodynamics, should
allow for ulcer healing or prevention of ulcer recurrence.
The question is: does SEPS result in the normalization of
venous hemodynamics, and can these changes in limb
hemodynamics be measured?
The University of Rochester group has addressed this
issue with venous refill time and photoplethysmography.
Their results show that the hemodynamic response to
SEPS is unpredictable when measured with venous refill
time and photoplethysmography. Their experience is sim-
ilar to that of our own. Namely, that after SEPS, nearly all
patients report clinical improvement, despite minimal
improvement or no improvement in their photoplethys-
mography. In this regard, I would ask the authors whether
they have looked at any other tests for functional mea-
surement, and, if so, which ones do they believe show
more promise with regards to clinical decision making. In
fact, should we get any test before or after SEPS?
Your study also suggests that calf muscle pump func-
tion may have little effect on the ulceration process. Do
you think that calf muscle pump function is in some way
impaired by SEPS? And how do you account for this?
When your group performed SEPS, did you simply
clip the perforators or routinely incise the investing para-
tibial fascia of the deep posterior compartment as if you
were exposing the posterior tibial or peroneal arteries?
Can this change in the intercompartmental pressure seen
during muscle contraction and ultimately calf muscle
pump function, or should we expect that our arterial
bypass grafts with similar anatomic exposure and fascial
disruption also have abnormal pump function?
The literature suggests that patients who undergo
DISCUSSION
SEPS respond differently, depending on the cause of their
venous incompetence, and that patients with primary
valvular disease typically normalized their venous function
studies and that those with post-thrombotic syndrome
remain abnormal. How many of your patients had primary
valvular incompetence, and how many had post-thrombot-
ic syndrome? Did you notice a difference in the functional
response to SEPS when you examined them in this regard?
And finally, your group has had a remarkably low ulcer
recurrence rate after SEPS. At a 6 months follow-up peri-
od, only one ulcer had recurred, for an overall recurrence
rate of 2%. Dr Gloviczki, reporting on the results from the
North American Subfascial Endoscopic Perforator Surgery
Registry, found a 2-year ulcer recurrence rate of 28% after
SEPS. What do you attribute your remarkably low recur-
rence rate to, and how do you account for the difference
seen from these other studies?
Hemodynamic improvement after SEPS remains diffi-
cult to show. However, functional assessment plays an
important role in the evaluation of chronic venous insuffi-
ciency, and more studies like this one by Dr Illig and his
colleagues will help in evaluating the hemodynamic effects
of perforator surgery.
I enjoyed the paper and the presentation and appreci-
ate the opportunity to open the discussion. Thank you.
Dr Karl A. Illig. Thank you very much, Dr Benjamin.
I appreciate your looking at our manuscript and appreci-
ate very much your insightful questions.
The first question is really whether hemodynamics
improve after SEPS. We cannot tell you. We can tell you
that photoplethysmography is not a great test, but I can-
not give you further insights because up to now it has
been all we have had. We are very interested, in fact, at
looking at other hemodynamic tests, especially air plethys-
mography (APG). I am hopeful that next time we are able
to get up here, we can provide some data for you regard-
ing APG and hemodynamic testing in general. For now,
our basic message is that we cannot tell what SEPS does to
hemodynamics, only that photoplethysmography is a poor
way of looking at things.
As an aside, Mark Iafrati, who is now in Washington,
has a fair amount of experience with valve closure time and
believes that valve closure time may well provide useful
hemodynamic information, in that segments of valves else-
where remote from your surgery actually improve after
SEPS. We have no experience with this but are going to
try to take a look. The best way of looking at all these tests
is basically as research tools. We make our decisions on the
basis of clinical examination and duplex scanning only and
really have not yet found a situation where any hemody-
namic test really changes our management.
We are very aggressive about incising the deep, per-
itibial fascia, and we widely open the deep compartment
essentially from our camera trocar on down to the malle-
olus. As a result, and shown with our photoplethysmogra-
phy tracings, we are destroying the calf pump. When that
muscle expands, there is no fascia to push against after we
are done. So, instead of raising intracompartmental pres-
sure, it is just pushing out. Our next step here is, of course,
to directly measure posterior compartment pressures
before and after SEPS.
You asked how many of our patients have primary dis-
ease, and how many have postphlebitic? For some reason,
in Rochester, most patients we see tend to have primary
disease. Or, of course, they do not give us a good history
of prior DVT. Our numbers are too small for me to be
able to give you any further information in this regard. As
you know, the recent report from Gloviczki’s North
American Venous Registry does show worse results in the
patients with postphlebitic incompetence and specifically
in the patients with residual deep obstruction. We try to
avoid these patients.
Our recurrence rate has been low. In fact, up until a few
weeks ago, we had only one recurrence. We have had two
recurrences in the last 2 weeks, and I think we are where the
North American Venous Registry was one iteration ago. I
think the early results after SEPS are pretty good, but I
think we are just moving into the next stage and beginning
to see the recurrences that are bound to happen. I do not
think we will ever be able to prevent recurrence. In this dis-
ease, the best thing is to get the patients plugged into a sys-
tem where people are interested. If you pay attention to
these and people stick with them, I think that is the best way
to lower the recurrence rate.
Dr John Blebea (Hershey, Pa). I enjoyed your presen-
tation and have a couple of questions.
I am not convinced that you really have dysfunction of
the calf muscle. If you take a look at the work presented
by Frank Padberg, MD, that of the Mayo group, they
showed improvement in venous function after SEPS with
air plethysmography. If I understand you correctly, you are
not really incising the superficial compartment fascia, just
the deep compartment fascia? If that is the case, I find it
hard to believe that calf muscle function from this alone is
so impaired that secondary venous hemodynamic dysfunc-
tion occurs. Perhaps you are just obtaining falsely abnor-
mal photoplethysmography results or this reflects the vari-
ability with photoplethysmography.
As an alternative explanation, are patients just not
plantar flexing sufficiently because of postoperative pain?
Are you doing the testing too soon after surgery when
patients are not vigorous enough with toe or ankle flexion
to get sufficient venous efflux? Therefore, rather than say-
ing that there is calf dysfunction, it is probably just a
reflection of the limitations of photoplethysmography.
Dr Illig. Photoplethysmography is obviously an indi-
rect test. What comes next, and something that we are
excited about, is trying to directly measure intra-calf pres-
sure. The objection has been raised by several people that,
yes, we are incising the deep fascia, but we are not incising
the superficial fascia. It may just be a matter of degree.
There is still something for the muscle to “push against,”
but now there is more volume into which the muscle to
expand. It is probably not an all or nothing situation.
Hopefully, some day soon we will be able to tell you exact-
ly what those pressures are. For now, our conclusions are
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that the calf cannot empty as measured by means of pho-
toplethysmography.
Your second question is very insightful. Maybe these
people have painful conditions and are not exercising
enough. We do not recheck their photoplethysmography
results until they are clinically recovered, but maybe that is
still too soon. Although we do not have a large series, we
have looked at some of these people several months out.
In fact, their results tend to be about the same. In doing
this analysis, obviously, we looked at the literature on both
sides. Like many things in medicine, there are some good
papers on either side of the argument. Jeff Rhodes, in fact,
who is the fellow finishing up at the Mayo Clinic and who
will be joining us in July, has a recent paper showing that
calf muscle pump function improves after SEPS. So, the
jury is still obviously out.
Dr Robert Y. Rhee (Pittsburgh, Pa). It was a very nice
presentation. I think that the excitement over this proce-
dure has now subsided to a certain extent, and we need to
put a little bit more science into it. I think your study is
one of the early studies that are coming out that actually
look at this procedure objectively rather than looking at
whether an ulcer simply heals or not.
One question that I had was about a similar experience
we have had in Pittsburgh. We have operated on probably
about 50 to 60 patients since 1995, and we have been fol-
lowing these patients with duplex scanning at 3 months, 6
months, and 12 months. I have been quite surprised at the
number of perforators that recur even after this extensive
procedure. Perhaps some of them were collapsed at the
time of the procedure. Even in patients with healed ulcers,
we have noticed a fair number of recurrent perforating
veins and deep reflux. I was wondering what your experi-
ence was concerning this topic.
Dr Illig. Well, that is very depressing to hear. We actual-
ly have only gotten postoperative duplex scanning on one
occasion so far on these patients. It seems that these perfo-
rators theoretically could not recur because you are really
cleaning out the whole compartment and there is nothing
left to dilate or become incompetent. We have started to do
more and more of these without a tourniquet. Although
one has to be a little more careful, I have been impressed
how much better you can see the perforators. We miss some
perforators, too, although gratifyingly seldom, but it is a lit-
tle bit depressing to hear that new perforators actually come
back. Perhaps these are paratibial? We open the subcuta-
neous tissue for a centimeter or so anterior to the tibia. We
will look for this phenomenon and let you know.
Dr Peter J. Pappas (Newark, NJ). We have had similar
experience with the perforators. I have had an occasion
where I have had several preoperative studies done on
patients on whom we were going to perform SEPS because
of cancellations. What I have been intrigued about is that
perforators that were initially called incompetent on the
first examination may not have been incompetent on the
second examination. So, the issue of the definition of an
incompetent perforator is one that is, in my mind, very
hotly debated. Dr Labropoulos in Loyola presented a very
nice paper at the American Venous Forum 2 years ago, and,
hopefully, it will be published in the European Journal of
Vascular Surgery sometime soon because it will go forward
to helping us with that evaluation.
But I have a couple of questions about your presenta-
tion. You said that three quarters of your patients had a
superficial ablation as well as SEPS. Did the other 25%
have just isolated SEPS?
Dr Illig. Yes. Again, our approach is pretty simplistic. I
agree with you on the fact that competence and incompe-
tence probably change some as related to venous volume
and how closely the technicians are looking. Once we
decide to take these patients to the operating room, our
goal then becomes just to eliminate every bit of incompe-
tence. It is search and destroy, very scientific and accurate,
but our goal is to eliminate every perforator there whatso-
ever, whether competent or not.
When we see somebody with really severe disease, if
they have any incompetence at all in anything in their
superficial system, greater and lesser saphenous, we will
take that aggressively. The only ones who do not also
receive saphenous stripping are those whose superficial
systems are definitely competent. In fact, as we gain expe-
rience, it is increasingly rare to not strip the saphenous. I
also believe that big dilated varicosities are hemodynami-
cally significant, as well, and we are increasingly aggressive
about these, too. In the last 25 SEPS, I have stripped the
greater and lesser saphenous, in fact.
Dr Pappas. Because your paper is really about the
hemodynamic effects of combined superficial ablation and
SEPS, it is really not the effect of just SEPS alone. It
sounds to me as if you have a subgroup of patients in
whom you can make comments on the hemodynamic
effects of just doing perforator ablations, and it would be
interesting to see what that subgroup analysis is.
I would also just like to echo what John Blebea said.
Frank Padberg and I published this paper in 1995 in
which we looked at the hemodynamic effects, and we have
been following the patients serially up to this time. What
we have just been stunned at is the fact that not only do
their hemodynamics improve but that the improvement
seems to be sustained. We have also had no ulcer recur-
rences. I think what that really points to, like any other
clinical series, is patient selection. I think that is ultimate-
ly what we are really going to be getting down to—look-
ing at some of these parameters that will identify the
patients who will have optimal results.
My last question is in regards to you taking down the
deep fascia. We do not do that. If we see a perforator dur-
ing the SEPS procedure, we will take it whether it is
incompetent or not. But we do not do what Dr Gloviczki
does and what you guys do and really go the whole nine
yards and take down every perforator. I think that adds
time to the procedure, especially when there is still con-
troversy as to whether or not the perforator ligation is
really needed if you just do superficial ablation. So, I think
there is a point where it is overkill, and I think taking
down the deep fascia is overkill.
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Dr Illig. Thank you very much. I think what you said
earlier just echoes the belief that I have that there are lots of
different ways to skin a cat. The bottom line is that you have
got to stay interested in these people and treat them aggres-
sively, and I think that is the best way to get them healed.
Hopefully, with everybody working on this problem, this
heretofore neglected area will yield some knowledge soon.
Dr Takao Ohki (Bronx, NY). I enjoyed your presenta-
tion very much, and I apologize for being naive. Is this
procedure reimbursed?
Dr Illig. Yes, although I do not know how much. It is
well accepted and normally reimbursed.
Dr Ohki. Well, is it billed as a Linton procedure, or is
it billed specifically as a SEPS?
Dr Pappas. No, actually it is billed as a perforator liga-
tion. And as for what the new CPT codes have done, there
used to be a code in which there was just a superficial abla-
tion with a ligation, and then there was a perforator ligation.
And in the new 1999 CPT codes, they have combined all of
them together with a stripping, a saphenofemoral junction
ligation, and a perforator ligation. It is a brand new code,
and it just came out in this year’s CPT book.
Dr Illig. Thanks.
Dr Ohki. Thank you. Did the number of venous inter-
ventions increase after you started doing the SEPS?
Dr Illig. Very definitely. At the University of
Rochester, as I am sure everyplace, there is a host of peo-
ple with venous problems. Many of them end up showing
up in the clinic, where the strategy is that the resident
works to tide them over until the next doctor takes over.
Obviously, that is wrong. I think you have got to take care
of these people.
Since we started doing this, the volume of venous
cases has dramatically increased. We would never do an
open Linton, other than once or twice a year for extraor-
dinarily severe cases, because of the morbidity involved.
Since we started doing this, we have done about 70. Like
anyplace else, we had an initial hump as we operated on
the backlog of patients with previously neglected prob-
lems and are now settled out at about two or three a
month.
Dr Ohki. Final question. Do we need to take any spe-
cific training course to start doing this, or can we just do it?
Dr Illig. I do not think anything formal is needed. As
people here who do it will attest, it is fairly easy, assuming
basic laparoscopic skills. The critical thing is getting into
the right compartment the first time, otherwise you are
kind of fighting your way through muscle. The second
critical thing is just trocar placement.
The best way of learning this is to do a few procedures
with someone who is experienced.
Dr Subodh Arora (Washington, DC). That was a very
nice presentation. I enjoyed it very much.
I have a question that actually is an extension of Dr
Pappas’s question. There was a paper in the British Journal
of Surgery by Simon Dart from Bristol, England, and he
identified patients with venous ulcers who had both saphe-
nofemoral incompetence and perforator incompetence.
And he dealt with the superficial system and left the per-
forators alone and found that greater than 70% of those
ulcers healed. Did you have any patients in whom you just
dealt with the superficial system and not the perforators
and what the outcome was?
Dr Illig. We have not. And that is an obviously critical
question. That is, does SEPS offer a benefit over superfi-
cial stripping alone? Mark Iafrati and I have begun that
study, and hopefully we will have answers for you soon.
Although patient conditions clearly improve after SEPS,
there is no hard consensus that taking the perforators per
se is the thing that really cures these patients.
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